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Synopsis

Pelagic larvae and juveniles of the genus Sebastes are widely distributed in the continental shelf and slope
waters of subarctic to temperate oceans, with greatest abundance in the Northern Hemisphere. We review
the ecology and distribution of these planktonic and micronektonic life stages in relation to oceanographic
conditions. Special attention is paid to the west coast of North America, where abundance of larvae from
samples collected during 1951-1981 is described. After transformation, the pelagic juveniles are widely
distributed, often at great distances from benthic adult habitats. These stages are most frequently distributed
in either midwater or near-surface habitats; this dichotomy may require different strategies for successful

recruitment.

Introduction

After parturition, larvae of the genus Sebastes lead
a pelagic existence of varying duration and are one
of the most abundant kinds of fish larvae in the
temperate and subarctic North Atlantic and North
Pacific Oceans (Ahlstrom 1961, Bainbridge &
Cooper 1971). Relatively little is known about their
ecology or that of the older micronektonic juve-
niles. One of the major stumbling blocks to re-
search on these age groups is the difficulty in identi-
fying them to species (Moser et al. 1977). Published
studies, however, reveal interspecific variation in
parturition seasons, vertical and horizontal distri-
butions of larvae, habitats occupied between the
larval period and settlement and duration of the
planktonic phase. In this paper, we review the liter-
ature on the pelagic, early life history stages of

Sebastes and describe the distribution and ecology
of larvae in the California Current region.

Spawning periodicity

The timing of spawning is critical to the survival of
fish larvae. In Sebastes, insemination may precede
fertilization by 6 months (Sorokin 1961), and partu-
rition is equivalent to spawning in oviparous fishes.
Timing of spawning in marine fishes is often related
to feeding seasonality of adults, allowing needed
energy reserves (Guillemot et al. 1985). Alterna-
tively, features in the pelagic environment where
the larvae reside, particularly physical factors and
prey concentrations, may be of critical importance
(Tles & Sinclair 1982). Parrish et al. (1981) suggest-
ed that fish species off the west coast of North
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America have evolved to spawn in winter when
upwelling and the attendant offshore Ekman trans-
port are minimal. Their hypothesis is only partially
supported by an examination of the spawning sea-
sonality of Sebastes species off this coast (Wyllie
Echeverria 1987); many species also spawn in sum-
mer months, and the extended larval periods may
subject their larvae to offshore dispersal. Further,
certain species may spawn more than a single brood
(Moser 1967, MacGregor 1970). Within species,
spawning seasonality may be distinct with a clear
peak (Anderson 1984) or extended with a minor
peak. For example, the year-round presence of
small, pelagic, juvenile S. diploproa suggests that
at least limited spawning occurs in all months of the
year (Boehlert 1977).

Distribution patterns of larvae
Atlantic

In the North Atlantic, ichthyoplankton surveys re-
veal that larvae of Sebastes are seasonally abundant
and widespread; Taning (1949) showed that larval
Sebastes were abundant in the Atlantic north of 50°
latitude where boreal mixed water of 3-8.5° C was
at depths of 200-500 m (see also Templeman 1959).
Subsequent surveys in the Norwegian and Barents
seas (Baranenkova & Khokhlina 1961), central At-
lantic (Einarsson 1961, Henderson 1961, Bain-
bridge & Cooper 1971) and western Atlantic (Tem-
pleman 1959) generally confirmed Taning’s (1949)
observations, and the central Atlantic surveys re-
vealed a vast concentration of Sebastes larvae in the
Irminger Sea southwest of Iceland. Because of the
difficulty in distinguishing the larvae of S. marinus,
S. mentella and S. fasciatus, some conclusions of
these studies apply to the genus as a composite, and
definitive information on individual North Atlantic
species awaits improvement in the taxonomy of
larvae (Kendall 1991).

Southern oceans

The genus may be represented by only a single

species, S. capensis, in the Southern Hemisphere,
present in both Atlantic and Pacific oceans (Chen
1971). Very little information is available on distri-
butions of larvae of this species, partly due to its
relative scarcity in plankton collections. For exam-
ple, S. capensis represented only 0.05% of all lar-
vae collected off northern Chile (Loeb & Rojas
1988). Sanchez & Acha (1988) reported catches of
S. oculatus (S. capensis?) larvae and pelagic juve-
niles over the Patagonian shelf between 39° and 55°
latitude. Although overall occurrences were low
(5.5% of positive tows), abundance (number per
10 m?) reached a peak of 55% of the total catch of
larvae in December. This suggests that populations
of Sebastes off Chile and Argentina may be funda-
mentally different. More research will be necessary
to describe the species composition, distribution
and abundance of Sebastes larvae in the Southern
Hemisphere.

North Pacific

Wide-ranging ichthyoplankton surveys have not
been made in the western Pacific. A number of
localized surveys showed that larvae of several Se-
bastes species are seasonally abundant and general-
ly confined to the coastal shelf: S. inermis (Harada
1962, Okiyama 1965, Kim et al. 1985), S. pachy-
cephalus and S. hubbsi (Senta 1962), S. pachy-
cephalus, S. oblongus and S. marmoratus (Kuwa-
hara & Suzuki 1983).

Numerous ichthyoplankton surveys have been
conducted in the Bering Sea and Gulf of Alaska.
Waldron (1981) summarized ichthyoplankton data
available for the former and found that larvae of
Sebastes occurred in spring and summer samples
from two regions. Most larvae occurred from the
Aleutian Islands north to about 60° N over the con-
tinental slope and adjoining regions. A second area
of concentration was near Bowers Ridge in the
southwestern Bering Sea. Lisovenko (1967) de-
scribed the distribution and abundance of S. alutus
larvae from an ichthyoplankton survey in the Gulif
of Alaska. His description of diagnostic taxonomic
features of the larvae, however, is not convincing,
and his conclusions probably apply to a mixture of




species. He reported much higher densities of Se-
bastes larvae in the northern region of the Gulf of
Alaska than in areas to the west and east and postu-
lated that larvae were entrained in the anticyclonic
gyre of the Alaska Current. This was not corrob-
orated by LeBrasseur’s (1970) surveys, which cov-
ered much of the Gulf of Alaska. Sebastes had the
highest incidence of all types of larvae; they were
concentrated over the continental shelf and slope
west of the Queen Charlotte Islands, with some
encountered seaward to 300 nmi.

Kendall & Dunn (1985) presented data on the
distribution of Sebastes larvae from 11 ichthyo-
plankton surveys conducted over the continental
shelf off Kodiak Island, Alaska. Larvae first ap-
peared along the edge of the shelf in spring, were
abundant and widely distributed over the shelf in
summer and were generally restricted to midshelf
in fall cruises. The authors suggested that this ap-
parent shift in distribution resulted from differ-
ential timing of extrusion among species. Kendall
& Ferraro (1988) also found high densities of Se-
bastes larvae along the continental slope in a more
wide-ranging survey between the Kenai Peninsula
and Umnak Island, March-June 1985. As in Ken-
dall & Dunn (1985), their sampling pattern was
restricted to the slope region and did not demon-
strate the full seaward extent of Sebastes. A com-
prehensive view of the areal and temporal distribu-
tion of Sebastes larvae in the Gulf of Alaska and
Bering Sea in relation to major oceanographic fea-
tures will require annual, wide-ranging surveys.

Sebastes spp. was the most abundant taxon of
fish larvae taken on a survey during April-May
1967 from Vancouver Island, Canada, to the Ore-
gon-California border, accounting for 29% of the
total fish larvae (Waldron 1972). Larvae were con-
centrated over the continental shelf and slope, but
were found seaward to > 250 nmi and were unusu-
ally abundant near Cobb Seamount. Larvae of Se-
bastes occurred prominently in several surveys
along the Oregon coast (Richardson & Pearcy
1977, Richardson et al. 1980). Highest mean abun-
dances occurred over the outer continental shelf,
or beyond it, where Sebastes spp. were dominant
components of the offshore ichthyoplankton as-
semblage. Richardson et al. (1980) proposed that
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longshore coastal currents help maintain the dis-
tinct inshore and offshore assemblages and that a
cellular circulation pattern near the continental
slope works in concert with seasonal onshore-off-
shore surface drift to transport Sebastes larvae sea-
ward in summer and shoreward in winter.

In a series of ichthyoplankton surveys off the
Washington, Oregon and northern California
coasts, larvae of Sebastes spp. were abundant and
widespread both latitudinally and offshore during
spring months (Kendall & Clark 1982). Larvae be-
came more restricted to coastal waters in summer
and latitudinally patchy along the coast during fall
and early winter. Larvae from oblique bongo net
samples were consistently smaller (peak length fre-
quency at 3-5mm) than those caught in neuston
(surface) tows (modal peak in the 10-30mm
range). This is consistent with the relatively high
densities of rockfish larvae and juveniles captured
by Shenker (1988) in a large neuston trawl. These
data suggest that larvae of some Sebastes species
utilize the surface waters as a prerecruitment hab-
itat.

California Cooperative Oceanic Fisheries
Investigations

Sincz 1939 the California Cooperative Oceanic
Fisheries Investigations (CalCOFI) has carried out
joint biological and oceanographic surveys off the
west coast of the United States and Mexico, pri-
marily off California and Baja California (Hewitt
1988). These surveys have produced the most ex-
tensive ichthyoplankton time series available, both
temporally and spatially. The distribution and
abundance of Sebastes spp. larvae have been de-
scribed for segments of the time series (Ahlstrom
1961, Ahlstrom et al. 1978), and some progress has
been made on the identification of individual spe-
cies. Complete life history series of eight species
have been established, and five of these (S. aurora,
S. jordani, S. levis, S. macdonaldi, S. paucispinis)
are sufficiently distinct to warrant their identifica-
tion in recent CalCOFI survey samples (Moser et
al. 1977, 1985). Complete early life history series of
S. melanostomus (Moser & Ahlstrom 1978) and S.
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Fig. 1. Relative abundance of Sebastes spp. larvae (number under 10 m?) taken off Washington, Oregon, California and Baja California
during CalCOFI cruise 7205 (modified from Ahlstrom et al. 1978).
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Fig. 2. Summed abundance (number under 10 m?) of Sebastes spp. larvae collected on CalCOFI surveys during 1951-1981; numbers

indicated by exponentially scaled bars.

dallii (Moser & Butler 1981) have been described,
but their larvae have not been routinely identified
in CalCOFI samples because of the possibility of
confusion with closely related species. Larvae of S.
cortezi were identified only in CalCOFI samples
taken in the Gulf of California during 1957 and
1958. In this paper, we utilize the recently estab-
lished CalCOFI ichthyoplankton data base (Am-
brose et al. 1987) to describe the distribution and
abundance patterns of Sebastes spp. from 1951 to
1981.

Off California and Baja California, as reported
for other regions, Sebastes larvae are concentrated
over the continental shelf and slope and are found

as far as 300 nmi beyond the shelf (Fig. 1, 2). Distri-
butions of larvae are patchy along the coast and
certain regions (e.g. Cape Mendocino, San Fran-
cisco, Pt. Conception, Southern California Bight,
and Pt. Eugenia) consistently have higher concen-
trations of larvae (for additional examples, see dis-
tribution maps in Ahlstrom et al. 1978). Sebastes
larvae ranked fourth overall in abundance in the
1951-1981 CalCOFI time series, comprising 6.2%
of all larvae collected (Smith & Moser 1988). Mean
incidence (65%) and abundance (71 larvae per
10m?) were highest off central California, were
slightly lower off northern California and declined
gradually toward the southern end of the survey
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Fig. 3. Mean incidence (percent positive tows) and abundance (number under 10m?) of Sebastes spp. larvae sampled on CalCOFI
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pattern (Fig. 3A). For all regions combined, mean
incidence was high (> 40%) from January through
June with a peak of 54% in March (Fig. 3B). A
July-September decline was followed by a gradual
increase in October-December. Overall mean
abundance was highest in January (71 larvae per
10 m?), declined to one-tenth that value in August-
September and then increased in October-Decem-
ber. The seasonal incidence of larvae captured off
southern California was similar to that for all re-
gions combined, but incidence off northern Cali-
fornia was distinctly bimodal with peaks in March
and June-August (Fig. 3C). Incidence for central
California was intermediate between these two
patterns. The north to south trend in seasonal in-
cidence continued through Baja California (Fig.
3D). In the northern portion, a broad dome of
relatively high incidence existed from January to
June, followed by a gradual summer decline. Onset
of peak incidence was later off central Baja Cali-
fornia, and several small incidence peaks charac-
terized southern Baja California.

Seasonal abundance was bimodal for northern
and central California (Fig. 3E), but the summer
peaks were much less pronounced than the corre-
sponding peaks in incidence (Fig. 3C). The sum-
mer peak could be caused by either the release of a
second brood of larvae by the same species that
produced the January-March peak or release from
a different group of species with a later parturition
season. Alternatively, the summer peak could rep-
resent larvae that were produced north of the sam-
pling area by summer-spawning species and then
transported to northern and central California wa-
ters by the California Current. The summer peak
was not evident in southern California (Fig. 3E).
Abundance curves for Baja California clearly in-
dicate a later onset of parturition and a broader
spring peak compared with California, even
though absolute values were one-tenth the former
(Fig. 3F).

Regional maps of incidence and abundance of
Sebastes larvae show seasonal onshore-offshore as
well as latitudinal trends (Fig. 4). The late winter-
early spring maxima for all coastal regions are
clearly shown, with a sharp reduction off Baja Cali-
fornia. The extent of offshore distribution of larvae
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is much greater off California than Baja California,
where it is progressively more coastal towards the
southern region of the peninsula. The seasonal bi-
modality off northern California appears in July-
September as a gradient with highest values in the
coastal zone. Because Sebastes spp. larvae are not
abundant north of California in these months (Ri-
chardson & Pearcy 1977, Kendall & Clark 1982),
they probably represent a late reproductive peak of
northern California species. The offshore distribu-
tion of larvae is greatest off central California and is
sustained throughout the year. Relatively high in-
cidence and abundance are maintained along the
coast through spring and summer. Off southern
California, coastal incidence and abundance de-
crease after the January-March peak but increase
in October-December, in advance of other coastal
regions. The broad winter-spring peak in incidence
and abundance off Baja California is evident in the
regional maps, with offshore extent and relative
values decreasing to the south.

Peak production of Sebastes larvae off California
and Baja California coincides with low ocean tem-
peratures in those regions and declines as seasonal
warming progresses northward (Fig. 4; Reid et al.
1958). Mean zooplankton abundance is inversely
related to temperature and is generally higher in
coastal regions because of upwelling. Our data (not
illustrated) indicate a close areal and seasonal
match between zooplankton concentration and
abundance of Sebastes larvae; peak abundance of
larvae slightly precedes peak zooplankton abun-
dance. The zooplankters retained by CalCOFI nets
are generally larger than those eaten by fish larvae,
however, and peak abundance of smaller copepods
at younger stages may coincide more closely with
abundance of Sebastes larvae.

Abundance of Sebastes larvae is characterized by
large interannual variation off California and Baja
California (Fig. 5A, B). Values for central and
southern California were comparatively low during
the 1950’s, with a minimum in 1959 when a major
period of ocean warming (El Nifio) had reached its
full effect. This was followed by a general trend of
increasing abundance in the 1960’s and 1970’s, with
peaks in 1963 and 1969 in central California and a
peak in 1972 in southern California. Mean abun-
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dance was generally tenfold lower in Baja Cali-
fornia (Fig. 5B) and contrasted sharply with that to
the north. Values were relatively high in the 1950’s
until the 1958-1959 Ei Nifio when there was a sharp
decline. Abundance increased gradually in north-
ern Baja California but remained low throughout
the 1960’s in central Baja California.

To compensate for uneven seasonal and areal
coverage on annual CalCOFI surveys, an ANOVA
method developed by MacCall & Prager (1988)
was used to predict missing data and normalize
interannual abundance values. Trends in ANOVA
abundance indices (Fig. 5C, D) were similar to
those derived from mean values (Fig. SA, B). De-
pressed values during the 1957-1959 El Nifio were
evident for California and Baja Califorma as was
the strong peak in 1963 in central California (Fig.
5C, D). Indices for both central and southern Cali-
fornia peaked in 1968 and then declined to near
average values through most of the 1970’s. In Baja
California, indices declined sharply during the
1957-1959 El Niino and then showed opposite
trends in northern and central Baja California. In
1961, a strong peak in central Baja California con-
trasted with a low index for northern Baja Cali-
fornia; in 1968, a strong peak in northern Baja
California coincided with an extremely low index
for central Baja California. )

Except for the depressed abundance during the
1958-1959 El Nifio, when temperatures were high
and zooplankton abundance was low, a relation-
ship between interannual variation in environmen-
tal conditions (Chelton et al. 1982, Roesler & Chel-
ton 1987) and abundance of Sebastes larvae is not
evident. Trends and short-term shifts in abundance
of larvae reflect fluctuations in biomass of dom-
inant species and also variability in survival of early
larvae. These result from vastly different interac-
tions with physical and biotic environmental par-
ameters and can only be understood by integrated
studies of adult population processes and survival
of larvae.

Study of abundance patterns of larvae for indi-
vidual species has been impeded by the difficulty in
identifying larvae (see Kendall 1991). Overall dis-
tribution patterns (Fig. 6) for species identified in
CalCOFI plankton surveys are markedly different

(Moser et al. 1977, 1985). Larvae of S. aurora and
S. paucispinis have broad distributions from cen-
tral Baja California to well north of the sampling
region. Sebastes jordani larvae are more coastally
and latitudinally confined, while S. levis larvae are
restricted largely off the outer coast of southern
California. Sebastes macdonaldi occurs primarily
off Baja California. It is the only species of Sebastes
whose adults and juveniles have been found there
and in the Gulf of California; however, its larvae
have not been reported from the latter (Moser
1972). Sebastes cortezi is an endemic species found
along the chain of islands on the western side of the
Gulf of California where strong tidal currents pro-
duce relatively low surface temperatures. The dis-
tributional differences among species contribute to
the observed differences in seasonality of different
geographic regions. Because different species
probably respond to environmental features in dif-
ferent ways, it may be difficult to assess the role of
environmental factors in interannual variation in
abundance at the generic level (Fig. 5). MacGregor
(1986) described seasonal and interannual abun-
dance for larvae of four species (S. paucispinis, S.
jordani, S. levis and S. macdonaldi) taken on sever-
al CalCOFI surveys. A complete description of any
single species for the entire time series, however,
awaits a comprehensive reexamination of CalCO-
F1 samples containing Sebastes larvae.

Vertical distribution

The vertical distribution of Sebastes spp. larvae was
described by Ahlstrom (1959) from 22 series of
opening/closing nets taken at 15 stations off south-
ern California and Baja California. Larvae were
mainly in the upper mixed layer and within the
thermocline but not below it; 97% were at depths
shallower than 80m, and 75% occurred between
about 25 and 80 m depth. Boehlert et al. (1985)
found a relatively shallower distribution for Se-
bastes spp. larvae off Oregon where the thermocline
also was shallower (<30m); 95% of the larvae
were at less than 40m, and 70% occurred within the
5-30m range. Similarly, Sanchez & Acha (1988)
found preflexion larvae of S. oculatus (S. capensis?)
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occupancy is outlined; modified from Moser et al. 1977, 1985).

limited to the 10-30 m stratum over the Patagonian
shelf. Kuwahara & Suzuki (1983) found an even
shallower distribution of three species of Sebastes
larvae in Wakasa Bay, Japan. More than 90% of the
larvae of S. marmoratus and S. pachycephalus, and
all S. oblongus larvae, occurred in the 0-25m stra-
tum. Approximately 63% of S. marmoratus, 87% of
S. pachycephalus and 95% of S. oblongus were
caught in surface tows.

Pommeranz & Moser (1987) reported on the dis-

tribution of eggs, embryos and larvae of northern
anchovy, Engraulis mordax, taken in a series of 63
discrete depth tows at two stations off southern Cali-
fornia in March-April 1980. Their shelf station was
2.4 nmi offshore over a bottom depth of about 350 m,
and their offshore station (38.4nmi offshore) was
over a basin of about 1200m depth. We analyzed
catches of Sebastes larvae in these tows for the pre-
sent paper. About 90% of the larvae of Sebastes spp.
occurred at depths shallower than 80m at both sta-
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depth of 1200 m.

tions (Fig. 7). The two stations differed markedly at
the 20-30 m stratum; this stratum contained a large
proportion of the total larvae at the shelf and virtually
no larvae offshore. This difference corresponded
with thermocline depth (about 2040 m at the shelf
station and 30-50 m at the offshore station). Interest-
ingly, no larvac were taken at the surface at the
offshore station, whereas the shelf station had a
mean of 1.47 larvae per 100 m* in the neuston, 97% of
these in the day hauls. About two-thirds of the mean
volume of zooplankton in the upper 200 m was in the
0-80 m stratum, and the mean volume at the shelf
station was about twice that at the offshore station.
There was no clear relationship between mean zoo-
plankton volume and mean densities of larvae; how-
ever, pump samples taken concurrently at the shelf
station had peak concentrations of copepod nauplii in
the 20-30 m stratum (Mullin et al. 1985).

Nearshore distribution

Information on the nearshore distribution of Sebastes
spp. larvae is available from a 7-year ichthyoplankton
survey off the San Onofre Nuclear Generating Sta-
tion (SONGS) in California (W. Watson personal
communication). This survey measured abundance

patterns of fish larvae along a transect covering 6
75m depth (Barnett et al. 1984, Walker et al. 1987).
Based on these studies, the abundance of Sebastes
spp. larvae has a strong seasonal pattern, with a
winter-spring peak and a marked increase with in-
creasing depth. The strong seasonal peak in abun-
dance (Fig. 8) was restricted to a single month in 1978
(March) and 1979 (January). Such a narrow spawn-
ing peak in a restricted nearshore region could result
from a smaller species complement compared with
deeper, more speciose habitats. The two subsequent,
small peaks could represent production of larvae
from less abundant species or extrusion of multiple
broods from an abundant species. Interestingly,
three major kinds of Sebastes larvae were found in
the samples.

In the onshore-offshore dimension, abundance in-
creases abruptly at the shelf break to a mean of 32
larvae per 10 m? of sea surface (4.5 per 100 m?; Fig.
9A). This agrees closely with the long-term mean (36
per 10m?) for CalCOFI samples off southern Cali-
fornia (see Fig. 3C). Small numbers of larvae were
found in the neuston and epibenthos (Fig. 9B), but
highest densities were usually in midwater. This may
change with growth, however, because all juveniles
and most late-stage larvae occurred in surface sam-
ples (W. Watson personal communication).




100 |

%0}

a0

!

E 7

s

S g0}

s

€

3 80|

€

H

2 40|

30

20(

1wl

o AL 1 ! IS S W L s
JFMAMUJJASONTD|[JFMAMUIIAS

1978 1979

Fig. 8. Mean monthly abundance (number ﬁer 10m?) of Sebastes
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September 1979.

Ichthyoplankton assemblages

The relationship between Sebastes larvae and other
ichthyoplankton has been examined in a number of
analyses employing the recurrent group technique, a
method that groups taxa based on their coincidence
in time and space. When the CalCOFI time series
from 1954 to 1960 was analyzed as a whole, Sebastes
larvae were grouped with those of three abundant
mesopelagic species and the Pacific hake, Merluccius
productus, a demersal shelf and slope species (Moser
et al. 1987). Analysis of individual years showed that
Sebastes was also strongly associated with the north-
ern anchovy, Engraulis mordax. A similar grouping
was shown by Gruber et al. (1982) for a coastal
survey in the Southern California Bight. In a survey
off Washington, Oregon and northern California,
Clark & Kendall (1985) showed that Sebastes larvae
formed a group with the larvae of three deep-living
flatfishes (Glyptocephalus zachirus, Microstomus pa-
cificus, Lyopsetta exilis). Sebastes also had strong
affinities with larvae of a group of mesopelagic spe-
cies that contained two of the same species that were
grouped with Sebastes larvae in the CalCOFI study.
In bongo net collections from the northern Gulf of
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Fig. 9. Mean abundance and density of Sebastes spp. larvaeon a
transect off San Onofre, California, 1978-1983; (above) mean
abundance (number per 10m?) for each sampling block and
(below) mean density (number per 100m?) at surface, water
column and epibenthos in each sampling block (shading high-
lights the stratum with the highest densities of larvac).

Alaska, Sebastes larvae were grouped with G. zachi-
rus larvae and larvae of a genus of deep-living ron-
quils, Bathymaster spp.; the group formed by these
species had strong affinities with two other flatfishes,
the deep-living Hippoglossoides elassodon and the
shallow-living Psettichthys melanostictus (Kendall &
Dunn 1985). These studies generally support the con-
tention of Richardson & Pearcy (1977) that Sebastes
spp. larvae are distributed predominantly offshore.
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Growth of larvae and juveniles

Growth rates of adult Sebastes are variable from
species to species (Chen 1971), so it would not be
surprising to find significant interspecific differences
in the growth of larvae and juveniles. Boehlert &
Yoklavich (1983) summarize data on growth of ju-
venile Sebastes species and noted greater than sixfold
differences in laboratory experiments and nearly
fourfold differences in field observations of growth.
In the laboratory, growth is highly dependent upon
temperature; average growth of newly settled S. mel-
anops at 18°C was 3.4 times that at 7°C, although
individual growth was a complex function of temper-
ature, fish size and ration (Boehlert & Yoklavich
1983). The optimum temperature for growth for both
S. melanops and S. diploproa (Boehlert 1981) shifts
ontogenetically. Smaller fish grow fastest at higher
temperatures, with a declining thermal optimum for
growth with increasing size through the juvenile peri-
od. This is in keeping with the thermal ecology of
many species, because younger juvenile fishes often
select higher temperatures (Norris 1963).

Growth rates in the field integrate a range of envi-
ronmental features and thus may be quite different
from those in the laboratory. Several studies have
measured growth in the field by counting otolith
growth increments, which have been confirmed as
daily in S. melanops by Yoklavich & Boehlert (1987).
Studies using these techniques on larvae and pelagic
juveniles of Sebastes demonstrated growth rates to be
linear over the sizes measured (Fig. 10). The range of
growth rates among species was as great as that
measured in the laboratory, with the slowest mea-
sured for Sebastes spp. from the Atlantic (0.109 mm
per day, Penney & Evans 1985) and the fastest for S.
paucispinis (approximately 0.666 mm per day; D.
Woodbury personal communication). Sebastes jor-
dani has the second fastest growth observed
(0.568 mm per day), despite having one of the small-
est adult sizes in the genus.

Although juvenile growth rates measured in the
laboratory have been comparable to those in the
field, growth rates of larvae in laboratory rearing
trials have not been as fast, especially with eastern
North Pacific species. Kendall & Lenarz (1987) sum-
marized rearing trials for seven species through 3040

days and noted growth rates of 0.08-0.14mm per
day. These experiments cannot be considered char-
acteristic of field growth, however, because mortality
rates were typically very high and feeding conditions
of larvae often less than optimum. This contrasts with
the success of rearing S. schlegeli in Japan. Hoshiai
(1977) noted growth rates of 0.385mm per day in
rearing trials of this species through 50-70 days of
age. This species has a larger egg and larger size at
parturition (6.89 mm) and thus rearing may be facil-
itated by the ability to use larger foods.

Feeding of larvae

Feeding has been examined for the planktonic larvae
of several species of Sebastes. They appear to be
diurnal feeders, and the percentage of larvae feeding
decreases with increasing depth (Marak 1974). Sumi-
da & Moser (1984) noted feeding during 0800-1600
Pacific standard time for S. paucispinis. They in-
terpreted the decreasing stomach contents after this
time to characterize a rapid evacuation rate (com-
pared to gadoid larvae). Diurnal incidence of feeding
in three species of Sebastes larvae from the nearshore
waters of Japan was nearly 100% (Kuwahara & Su-
zuki 1983).

Generally, Sebastes larvae have been character-
ized as opportunistic feeders. Earliest larvae typically
feed on copepod nauplii and to a lesser extent on
invertebrate eggs, as confirmed in the North Atlantic
(Sebastes spp., redfish complex; Bainbridge &
McKay 1968, Marak 1974), in the western Pacific (.
pachycephalus, S. marmoratus and 8. oblongus; Ku-
wahara & Suzuki 1983) and in the eastern Pacific (S.
paucispinis; Sumida & Moser 1984). Larger larvae
continue to feed on nauplii but also begin to take
copepodites, adult copepods, euphausiids and limit-
ed numbers of other larger prey. Although most of
the studies cited above observed an increase in the
largest size of prey consumed with increasing growth,
smaller prey items remain important in larger larvae,
suggesting prey encounter rather than selectivity as
the important feature of larval feeding in the genus
(Kuwahara & Suzuki 1983). Bainbridge & McKay
(1968) described the feeding of redfish and cod lar-
vae; at equivalent sizes, the cod larvae took larger
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Fig. 10. Growth of field-collected pelagic Sebastes larvae and
juveniles from studies using daily growth increments. In all
cases, lines represent regressions within the bounds of length
and age actually measured: 1 — S. paucispinis (D. Woodbury
personal communication, N = 260); 2 - S. jordani (D. Wood-
bury personal communication, N = 302); 3 - S. melanostomus
(Moser & Ahlstrom 1978, N = 4); 4a, b - Atlantic Sebastes spp.
from 1980 and 1981, respectively (Penney & Evans 1985, N =
609, 539); 5 - S. diploproa (Boehlert 1981, N = 21).

prey items. Sumida & Moser (1984) compared feed-
ing in S. paucispinis with that of another gadoid,
Merluccius productus, and noted a similar phenom-
enon. At small sizes, M. productus larvae had larger
months but continued to consume larger mean prey
sizes than larvae of S. paucispinis, even after relative
mouth size in the latter became greater than in M.
productus. Although studies of feeding in pelagic
juveniles have not been published, current research
in central California suggests that pelagic juveniles
remain opportunistic feeders, with significant dietary
overlap between species (C. Reilly personal commu-
nication).

Pelagic juvenile habitats and transition
to the benthic habitat

At transformation to pelagic juveniles, different
strategies become apparent for different species;
much of our information is inferential, however, for
these larger sizes are typically more difficult to sam-
ple. Midwater trawls take a variety of species over a
range of depths, including S. saxicola, S. diploproa,
S. proriger, S. jordani, S. goodei (Berry & Perkins
1965), S. macdonaldi (Moser 1972), S. melanosto-
mus, S. aurora, the subgenus Sebastomus (Moser &
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Abhlstrom 1978), Sebastes crameri, S. helvomacula-
tus, S. pinniger (Richardson & Laroche 1979), S.
auriculatus, S. caurinus, S. entomelas, S. flavidus, S.
hopkinsi, S. levis, S. melanops, S. miniatus, S. mysti-
nus, S. nigrocinctus, S. paucispinis, S. rastrelliger, S.
semicinctus, S. serranoides, S. serriceps and S. wilsoni
(Kendall & Lenarz 1987). Other gear types sample in
shallower waters; dip nets and purse seines have
taken other species in association with drifting kelp.
In the eastern Pacific, these have included S. diplo-
proa, S. paucispinis, S. rubrivinctus, S. serriceps, S.
dallii (Mitchell & Hunter 1970, Boehlert 1977) and,
in the western Pacific, S. thompsoni, S. vulpes and S.
schlegeli (Ikehara 1977). Brodeur & Pearcy (1986),
using larger purse seines off Oregon and Washing-
ton, took 15 species of Sebastes. Species most fre-
quently caught were S. melanops, S. flavidus, S.
mystinus, S. jordani and S. entomelas.

Shallow-water residence

Residence in surface waters is known for pelagic
juveniles of many species of Sebastes; those aggregat-
ing around drifting objects, however, typically occur
within the upper meter of the ocean. Off southern
California, Mitchell & Hunter (1970) sampled S.
diploproa juveniles around drifting kelp, Macrocystis
pyrifera, with a small purse seine, and Boehlert
(1977) sampled them with small-mesh dip nets. Pe-
lagic juveniles are present year-round, with the
smallest sizes near 12mm standard length (SL) but
reaching sizes as great as 58.7mm SL. Length fre-
quencies suggest that the majority of recruitment of
small individuals to the surface kelp habitat occurs
from August to the following March (Boehlert 1977).
Daily growth increment analysis suggests that the
new recruits are approximately 60-70 days of age
(Fig. 10); growth during the pelagic juvenile phase, at
least to a length of 42 mm and ages of about 225 days,
was nearly linear (Boehlert 1981).

The transition from pelagic to benthic juveniles in
S. diploproa generally occurs at a size threshold of
about 40 mm SL based upon the presence of benthic
juveniles at depths down to 200 m. Although juve-
niles near the size threshold are present in surface
waters nearly year-round, the surface-to-benthic mi-
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gration occurs seasonally, generally from late spring
to early summer (Boehlert 1977). Length-frequency
analysis of surface and benthic specimens, however,
suggests a 2-month hiatus between the disappearance
of migratory surface fish and appearance of new,
small benthic juveniles. This may involve a transitory
midwater residence, although relatively few speci-
mens have been taken there (Boehlert 1977). Surface
specimens of S. diploproa, like many other species of
Sebastes, are distributed far offshore from appropri-
ate benthic habitat. Animals migrating to deep water
in this offshore area would not reach bottom; in-
stead, we propose that they reside in intermediate
depths (Fig. 11). Recruitment to the nearshore is
problematic in this case. In summer months off
southern California, the general pattern of geos-
trophic flow at 250 m is to the northeast (Reid 1962);
residence in this layer could facilitate coastward ad-
vection.

The surface living behavior of S. diploprea is a
specialization of shallow-water residence. Recent
studies indicate that pelagic juveniles of most species
of Sebastes occupy the upper 100m of the water
column (Brodeur & Pearcy 1986, W. Lenarz personal
communication). Preliminary evidence indicates that
species occupy different depth strata within this zone;
for example, S. paucispinis occurs in the 0-30 m stra-
tum, S. entomelas, S. flavidus and S. mystinus occur
in the 30-100 m stratum, while S. goodei and §. hop-
kinsi occupy the entire upper 100m (W. Lenarz per-
sonal communication). Apparently depth stratifica-
tion does not reflect specialized feeding habits and
may be related to different mechanisms of settle-
ment. Submergence to the 200 m zone of shoreward
geostrophic flow could provide a mechanism for
some species. Species occupying strata between 30
and 200m could be carried in the shoreward sub-
surface flow that compensates for offshore Ekman
transport during spring and summer (Sverdrup &
Fleming 1941). Species that remain in the upper 30 m
may be carried shoreward by flow reversals associ-
ated with the relaxation of upwelling or by compen-
sating onshore flows related to upwelling filaments.

Midwater residence

Midwater residence following transformation has
been shown for S. melanostomus (Moser & Ahlstrom
1978). Analysis of Sebastes juveniles captured in 217
midwater trawl samples taken over deep basins off
southern California and Baja California revealed a
recurring group of a few common types. Of these, S.
melanostomus accounted for 16% and was distin-
guished by a remarkable pattern of melanistic bars,
which alternated with transparent zones on the body
and fins. Length-frequency distributions showed a
size progression from April to October, and daily
growth rings on otoliths of specimens taken from
albacore, Thunnus alalunga, stomachs indicated that
juveniles > 30mm SL are 3-4 months old. Although
most of the samples came from oblique integrated
tows to various depths (maximum 1350 m), a series of
17 discrete depth tows showed S. melanostomus ju-
veniles occupying the 200-250m depth stratum.
Thus, midwater residence, primarily at 200-250m,
would subject them to shoreward geostrophic flow
similar to that hypothesized for the midwater juve-
niles of S. diploproa. The barred pigment pattern
possibly serves to break up the body outline and
camouflage the pelagic juveniles from predators.
Disruptive pigmentation is characteristic of pelagic
juveniles of S. aurora, the subgenus Sebastomus and
Sebastolobus altivelis, which all co-occurred with Se-
bastes melanostomus (Moser & Ahlstrom 1978). Se-
bastolobus altivelis may recruit directly to the deep
slope and basin habitats of the adults by descending
vertically (Moser 1974). Further indirect evidence of
a distinct midwater residence for some species of
Sebastes is afforded by the results of a 6-year mid-
water trawl survey off central California (W. Lenarz
personal communication). Pelagic juveniles of S.
melanostomus, S. aurora and the subgenus Sebasto-
mus were virtually absent from a series of > 500
midwater trawl samples taken during April-June
1983-1989. Sampling was restricted to the upper
100m (mostly at 30 m depth), well above the depth
occurrence of Sebastes species exhibiting midwater
pelagic juvenile residence.
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Nearshore residence

The final hypothesized mechanism, and one perhaps
most poorly known for Sebastes, is utilization of near-
shore areas with minimum offshore dispersal. This
has not been carefully investigated, because larvae
are generally accepted to be important in offshore
assemblages (Richardson & Pearcy 1977). Recent
research on localized distributions of fish larvae
(Marliave 1986) has resulted in new ideas about re-
tention in the very nearshore zone, which is typically
sampled poorly in ichthyoplankton investigations.
Anderson (1983) suggested that certain nearshore
species recruit to kelp canopy habitats as large larvae
or very early juveniles at relatively young ages. This
may also occur in Japanese species. Senta & Kinosh-
ita (1985) noted the presence of small S. inermis in
benthic nearshore stations. Many Japanese species
are born at larger sizes than eastern North Pacific
species; newly born S. pachycephalus are about 7 mm
total length (TL) and are ready to settle to the bottom
at an age of 25 days at 13 mm TL (Siokawa & Tsukah-
ara 1961). This larger size at birth may facilitate the
nearshore mechanism by minimizing the planktonic
period.

Recruitment mechanisms

There is little question that Sebastes populations are
characterized by significant interannual variability in
recruitment strength, as suggested by abundance pat-
terns of larvae (Fig. 5), juvenile recruitment (Mearns
et al. 1980) and year-class strength differences after
recruitment to the fishery (Norton 1987). The source
of this recruitment variability could occur during sev-
eral steps. First, reproductive output may vary from
year to year within a species in response to food
availability and environmental factors. Larson (1991)
describes the dynamics of fat storage, which the fe-
male utilizes during the period of gestation (as op-
posed to the period of vitellogenesis observed in most
fishes). Lenarz & Echeverria (1986) noted decreased
fat deposition in El Nifio years. Viviparous poeciliids
may decrease the level of additional nutrition to em-
bryos in times of adverse environmental conditions
(Trexler 1985). This mechanism, if found in Sebastes,

might explain either lower reproductive output or
higher early mortality of smaller, less developed lar-
vae, which would be consistent with the lower abun-
dances of larvae during El Nifio in the late 1950’s
(Fig. 5). The second source of recruitment variability
would be mortality of larvae from either starvation or
predation. Until improved species identification is
possible, however, this source will be difficult to
evaluate. Certainly species-specific responses to en-
vironmental and biotic effects differ (Norton 1987),
and analysis based on generic-level characteristics
will contribute relatively little to our understanding.

Advective sources of mortality for early larvae are
suggested by the distant offshore distribution of Se-
bastes larvae and pelagic juveniles. There is some
relationship between year-class strength variability
and environmental conditions for at least some spe-
cies; Norton (1987) suggested that successful year
classes of widow rockfish, S. entomelas, may occur in
years of increased onshore transport, possibly carry-
ing pelagic larvae towards shore. This agrees with the
ideas posed in Parrish et al. (1981). The vertical
distribution of larvae, however, suggests that they
are relatively rare in the shallow Ekman layer (Fig. 7)
and may not be subject to offshore transport during
upwelling. Moreover, the majority of offshore trans-
port may occur through localized transport by jets
(Mooers & Robinson 1984) or eddies (Simpson
1987). The latter may play an important role in the
survival of Sebastes larvae and of other groundfishes
that have been advected offshore. There is a remark-
able overlap between the offshore field of mesoscale
eddies (Lynn & Simpson 1987) and the zone of maxi-
mum concentration of copepod nauplii (Arthur
1977). As aresult of high prey concentrations, larvae
entrained to this zone could experience enhanced
survival rather than increased mortality and offshore
advection would be adaptive if linked with successful
benthic recruitment of survivors. Further investiga-
tion of this hypothesis should focus on (1) the dynam-
ics of phytoplankton, zooplankton and ichthyoplank-
ton components of offshore eddies, (2) seasonal and
interannual variations in the offshore eddy field and
(3) the potential relationship of these variations with
recruitment variations.

Localized eddies and other hydrographic features
may be generated by headlands, seamounts and




other complex topography (Boehlert & Genin 1987),
and spawning in these areas might enhance retention
of larvae. Hewitt (1981), for example, proposed that
eddies play a role in speciation in the California
Current region. On a smaller scale, potential reten-
tion areas associated with topography could result in
subpopulations of some species (Iles & Sinclair
1982). If this mechanism exists for Sebastes, however,
one would expect localized centers of enhanced or,
conversely, depauperate benthic recruitment, as has
been observed for sea urchins, Strongylocentrotus
purpuratus, off the California coast (Ebert & Russell
1988). Studies of benthic juvenile recruitment will
require a much broader geographic extent to eval-
uate this hypothesis.

Successful recruitment of pelagic juveniles to the
benthic habitat may involve factors different from
those affecting larvae. The pelagic juvenile phase
may last several months to a year (Boehlert 1977).
The broad distribution of pelagic juveniles relative to
the area for possible settlement is evident in studies
of albacore diets (Powell & Hildebrand 1950). Be-
cause the juvenile habitats of most species are poorly
known, we cannot exclude the possibility that some
species may have extended offshore distributions
with concomitantly long pelagic juvenile phases. In
purse seine collections, for example, Brodeur &
Pearcy (1986) captured relatively large juveniles and
adults of some species. Still, benthic recruitment of
many species occurs with seasonal regularity (see
Love et al. 1991) and thus is unlikely a stochastic
process. Species such as S. diploproa, with a pelagic
juvenile residence in surface waters, may use a shore-
ward transport mechanism such as that proposed by
Shanks (1983). Species in midwater may use direct-
ed, shoreward swimming arising from avoidance of
lower temperatures characteristic of fronts associ-
ated with passing internal waves, a mechanism sug-
gested by Norris (1963) for Girella nigricans. Other
directed movements such as orientation to magnetic
or electric fields cannot be excluded. Comparative
studies on species with different mechanisms will
contribute a great deal to our understanding of settle-
ment and recruitment in Sebastes.

221
Acknowledgements

The distributional summaries of Sebastes spp. larvae
from CalCOFI surveys were made possible by many
people at the Southwest Fisheries Center (SWFC) La
Jolla Laboratory. Samples were identified and
checked by Dave Ambrose, Elaine Sandknop, Betsy
Stevens and Barbara Sumida. Richard Charter de-
veloped the computer data base. Cindy Meyer was
especially helpful in assembling data summaries. Wil-
liam Watson kindly provided the analysis of near-
shore distribution and abundance from the SONGS
data base made available by the Marine Resources
Committee. Roy Allen expertly drafted most figures.
Diane Foster typed the final draft of the manuscript.
Alec MacCall (SWFC, Tiburon Laboratory) gener-
ously provided interannual abundance indices from
ANOVA techniques. William Lenarz, David Wood-
bury and Carol Reilly (SWFC, Tiburon Laboratory)
generously provided important unpublished findings
from their recent research. We thank Bruce Mundy
(SWFC,Honolulu Laboratory) for reviewing an ear-
lier draft of the manuscript.

References cited

Ahlsaom, E.H. 1959. Vertical distribution of pelagic fish eggs and
larvae off California and Baja California. U.S. Fish. Bull. 60:
107-146.

Ahlstrom, E.H. 1961. Distribution and relative abundance of
rockfish (Sebastodes spp.) larvae off California and Baja Cali-
fornia. Rapp. P.-V. Cons. Perm. Explor. Mer. 150: 169-176.

Ahlstrom, E.H., H.G. Moser & E.M. Sandknop. 1978. Distribu-
tional atlas of fish larvae in the California Current region:
rockfishes, Sebastes spp., 1950 through 1975. Calif. Coop.
Oceanic Fish. Invest. Atlas 26. 178 pp.

Ambrose, D., R.L. Charter, H.G. Moser & C.R. Santos Methot.
1987. Ichthyoplankton and station data for California Cooper-
ative Oceanic Fisheries Investigations survey cruises in 1951.
U.S. Dep. Commer., NOAA Tech. Memo., NMFS-SWFC-79.
196 pp.

Anderson, J.T. 1984. Early life history of redfish (Sebastes spp.) on
Flemish Cap. Can. J. Fish. Aquat. Sci. 41: 1106-1116.

Anderson, TW. 1983. Identification and development of near-
shore juvenile rockfishes (genus Sebastes) in central California
kelp forests. M.A.. Thesis, California State University, Fresno.
216 pp.

Arthur, D.K. 1977. Distribution, size, and abundance of microco-
pepods in the California Current system and their possible




222

influence on survival of marine teleost larvae. U.S. Fish. Bull.
75: 601-611.

Bainbridge, V. & G.A. Cooper. 1971. Populations of Sebastes
larvae in the North Atlantic. Int. Comm. Northwest Atl. Fish.
Res. Bull. 8: 27-35.

Bainbridge, V. & B.J. McKay. 1968. The feeding of cod and
redfish larvae. Int. Comm. Northwest Atl. Fish. Spec. Publ. 7:
187-217.

Baranenkova, A.S. & N.S. Khokhlina. 1961. The distribution and
size composition of larvae and young redfish in the Norwegian
and Barents Seas. Rapp. P.-V. Cons. Perm. Explor. Mer. 150:
177-187.

Barnett, A.M., AM. Jahn, P.D. Sertic & W. Watson. 1984.
Distribution of ichthyoplankton off San Onofre, California, and
methods for sampling very shallow coastal waters. U.S. Fish.
Bull. 82: 97-111.

Berry, F.H. & H.C. Perkins. 1965. Survey of pelagic fishes of the
California Current area. U.S. Fish Wildl. Serv., Fish. Bull. 65:
625-682.

Boehlert, G.W. 1977. Timing of the surface-to-benthic migration
in juvenile rockfish, Sebastes diploproa, off southern California.
U.S. Fish. Bull. 75: 887-890.

Boehlert, G.W. 1981. The effects of photoperiod and temperature
on laboratory growth of juvenile Sebastes diploproa and a com-
parison with growth in the field. U.S. Fish. Bull. 79: 785-794.

Boehlert, G.W., D.M. Gadomski & B.C. Mundy. 1985. Vertical
distribution of ichthyoplankton off the Oregon coast in spring
and summer months. U.S. Fish. Bull. 83: 611-621.

Boehlert, GW. & A. Genin. 1987. A review of the effects of
seamounts on biological processes. pp. 319-334. In: B.H. Keat-
ing, P. Fryer, R. Batiza & G.W. Boehlert (ed.) Seamounts,
Islands, and Atolls, Amer Geophys. Union, Geophysical
Monograph 43.

Boehlert, G.W. & M.M. Yoklavich. 1983. Effects of temperature,
ration, and fish size on growth of juvenile black rockfish, Se-
bastes melanops. Env. Biol. Fish. 8: 17-28.

Brodeur, R.D. & W.G. Pearcy. 1986. Distribution and relative
abundance of pelagic nonsalmonid nekton off Oregon and
Washington, 1979-1984. U.S. Dep. Commer., NOAA Tech.
Rep. NMFS 46. 85 pp.

Chelton, D.B., P.A. Bernal & J.A. McGowan. 1982. Large-scale
interannual physical and biological interaction in the California
Current. J. Mar. Res. 40: 1095-1125.

Chen, L.-C. 1971. Systematics, variation, distribution, and biology
of rockfishes of the subgenus Sebastomus (Pisces, Scorpaeni-
dae, Sebastes). Bull. Scripps Inst. Oceanogr. 18: 1-115.

Clark, J. & A.W. Kendall, Jr. 1985. Ichthyoplankton off Washing-
ton, Oregon, and northern California. Dept. of Commer., Nat.
Mar. Fish. Serv., Northwest and Alaska Fisheries Center, Pro-
cessed Rep. 85-10. 48 pp.

Ebert, T A. & M.P. Russell. 1988. Latitudinal variation in size
structure of the west coast purple sea urchin: a correlation with
headlands. Limnol. Oceanogr. 33: 286-294.

Einarsson, H. 1961. The fry of Sebastes in Icelandic waters and
adjacent seas. Rapp. P.-V. Cons. Perm. Explor. Mer. 150:
199-200.

Gruber, D., E.H. Ahlstrom & M.M. Mullin. 1982. Distribution of
ichthyoplankton in the Southern California Bight. Calif. Coop.
Oceanic Fish. Invest. Rep. 23: 172-179.

Guillemot, P.J., R.J. Larson & W.H. Lenarz. 1985. Seasonal
cycles of fat and gonad volume in five species of northern
California rockfish (Scorpaenidae: Sebastes). U.S. Fish. Bull.
83:299-311.

Harada, E. 1962. A contribution to the biology of the black
rockfish, Sebastes inermis (Cuvier et Valenciennes). Publ. Seto
Mar. Biol. Lab. 5: 307-361.

Henderson, G.T.D. 1961. Continuous plankton records: the distri-
bution of young Sebastes marinus. Bull. Mar. Ecol. 5: 173-193.

Hewitt, R. 1981. Eddies and speciation in the California Current.
Calif. Coop. Oceanic Fish. Invest. Rep. 22: 96-98.

Hewitt, R.P. 1988. Historical review of the oceanographic ap-
proach to research. Calif. Coop. Oceanic Fish. Invest. Rep. 29:
27-41.

Hoshiai, G. 1977. Larvae and juveniles of the scorpaenid fish,
Sebastes schlegeli. Jap. J. Ichthyol. 24: 35-42. (in Japanese).
Ikehara, K. 1977. Studies on the fish eggs and larvae accompanied
with drifting seaweeds in the Sado Strait and its vicinity. Bull.

Jap. Sea Reg. Fish. Res. Lab. 28: 17-28. (in Japanese).

Iles, T.D. & M. Sinclair. 1982. Atlantic herring: stock discreteness
and abundance. Science 215: 627-633.

Kendall, AW., Jr. 1991. Systematics and identification of larvae
and juveniles of the genus Sebastes. Env. Biol. Fish. 30: 173-
190.

Kendall, AW., Jr. & J. Clark. 1982. Ichthyoplankton off Wash-
ington, Oregon, and northern California, April-May 1980.
Dept. of Commer., Nat. Mar. Fish. Serv., Northwest and Alas-
ka Fisheries Center, Processed Rep. 82-11. 44 pp.

Kendall, AW, Jr. & J.R. Dunn. 1985. Ichthyoplankton of the
continental shelf near Kodiak Island, Alaska. U.S. Dep. Com-
mer., NOAA Tech. Rep. NMFS 20. 89 pp.

Kendall, AW., Jr. & P. Ferraro. 1988. Ichthyoplankton of the
Gulf of Alaska near Kodiak Island, March to June 1985. Dept.
of Commer., Nat. Mar. Fish. Serv., Northwest and Alaska
Fisheries Center, Processed Rep. 88-03. 88 pp.

Kendall, AW,, Jr. & W.H. Lenarz. 1987. Status of early life
history studies of Northeast Pacific rockfishes. pp. 99-128. In:
Proceedings of the International Rockfish Symposium, Anchor-
age, Alaska, Univ. Alaska, Alaska Sea Grant Rep. 87-2.

Kim, J.M.,J.M. Yoo, H.T. Huh & $.S. Cha. 1985. Distribution of
fish larvae in the Ulsan Bay, South Korea and its adjacent
waters. Ocean Res. (Seoul) 7: 15-22.

Kuwahara, A. & S. Suzuki. 1983. Vertical distribution and feeding
of three species of rockfish Scorpaenidae larvae. Bull. Jap. Soc.
Sci. Fish. 49: 515-520. (in Japanese).

Larson, R.J. 1991. Seasonal cycles of reserves in relation to repro-
duction in Sebastes. Env. Biol. Fish. 30: 57-70.

LeBrasseur, R. 1970. Larval fish species collected in zooplankton
samples from the northeastern Pacific Ocean 1956-1959. Fish.
Res. Board Can. Tech. Rep. 175. 47 pp.

Lenarz, W.H. & TW. Echeverria. 1986. Comparison of visceral fat
and gonadal fat volumes of yellowtail rockfish, Sebastes flavi-
dus, during a normal year and a year of El Nifio conditions. U.S.
Fish. Bull. 84: 743-745.

Lisovenko, L.A. 1967. Distribution of the larvae of rockfish (Se-
bastodes alutus Gilbert) in the Gulf of Alaska. pp. 217-225. In:
P.A. Moiseev (ed.) Soviet Fisheries Investigations in the North-
east Pacific, Part III, U.S. Dep. Commer., Clearinghouse Fed.
Sci. Tech. Inform., Springfield.




Loeb, V.J. & O. Rojas. 1988. Interannual variation of ichthyo-
plankton composition and abundance relations off northern
Chile, 1964-85. U.S. Fish. Bull. 86: 1-24.

Love, M.S., M.H. Carr & L.J. Haldorson. 1991. The ecology of
substrate-associated juveniles of the genus Sebastes. Env. Biol.
Fish. 30: 225-243.

Lynn, R.J. & J.J. Simpson. 1987. The California Current system:
the seasonal variability of its physical characteristics. J. Ge-
ophysical Res. 92: 12947-12966.

MacCall, A.D. & M.H. Prager. 1988. Historical changes in abun-
dance of six fish species off southern California, based on Cal-
COFI egg and larva samples. Calif. Coop. Oceanic Fish. Invest.
Rep. 29: 91-101.

MacGregor, J.S. 1970. Fecundity, multiple spawning, and descrip-
tion of the gonads in Sebastodes. U.S. Fish. Wildl. Serv. Spec.
Sci. Rep. Fish. 596. 12 pp.

MacGregor, J.S. 1986. Relative abundance of four species of
Sebastes off California and Baja California. Calif. Coop.
Oceanic Fish. Invest. Rep. 27: 121-135.

Marak, R.R. 1974. Food and feeding of larval redfish in the Gulf of
Maine. pp. 267-275. In: J.H.S. Blaxter (ed.) The Early Life
History of Fish, Springer-Verlag, New York.

Marliave, J.B. 1986. Lack of planktonic dispersal of rocky in-
tertidal fish larvae. Trans. Amer. Fish. Soc. 115: 149-154.

Mearns, A.J., M.J. Allen, M.D. Moore & M.J. Sherwood. 1980.
Distribution, abundance, and recruitment of soft-bottom rock-
fishes (Scorpaenidae: Sebastes) on the southern California
mainland shelf. Calif. Coop. Oceanic Fish. Invest., Rep. 21:
180-191.

Mitchell, C.T. & J.R. Hunter. 1970. Fishes associated with drifting
kelp, Macrocystis pyrifera, off the coast of southern California
and northern Baja California. Calif. Fish Game 56: 288-297.

Mooers, C.N.K. & A.R. Robinson. 1984. Turbulent jets and
eddies in the California Current and inferred cross-shore trans-
ports. Science 223: 51-53.

Moser, H.G. 1967. Reproduction and development of Sebastodes
paucispinis and comparison with other rockfishes off southern
California. Copeia 1967: 773-797.

Moser, H.G. 1972. Development and geographic distribution of
the rockfish, Sebastes macdonaldi (Eigenmann and Beeson,
1893), family Scorpaenidae, off southern California and Baja
California. U.S. Fish. Bull. 70: 941-958.

Moser, H.G. 1974. Development and distribution of larvae and
juveniles of Sebastolobus (Pisces: family Scorpaenidae). U.S.
Fish. Bull. 72: 865-884.

Moser, H.G. & E.H. Ahlstrom. 1978. Larvae and pelagic juve-
niles of blackgill rockfish, Sebastes melanostomus, taken in mid-
water trawls off southern California and Baja California. J.
Fish. Res. Board Can. 35: 981-996.

Moser, H.G., E.H. Ahlstrom & E.M. Sandknop. 1977. Guide to
the identification of scorpionfish larvae (family Scorpaenidae)
in the eastern Pacific with comparative notes on species of
Sebastes and Helicolenus from other oceans. U.S. Dep. Com-
mer., NOAA Tech. Rep. NMFS Circ. 402. 71 pp.

Moser, H.G. & J.L. Butler. 1981. Description of reared larvae and
early juveniles of the calico rockfish, Sebastes dallii (Eigenmann
and Beeson 1894). Calif. Coop. Oceanic Fish. Invest. Rep. 2:
88-95.

Moser, H.G., E.M. Sandknop & D.A. Ambrose. 1985. Larvae

223

and juveniles of aurora rockfish, Sebastes aurora, from off
California and Baja California. pp. 55-64. In: A W. Kendall, Jr.
& J.B. Marliave (ed.) Descriptions of Early Life History Stages
of Selected Fishes: From the 3rd International Symposium on
the Early Life History of Fishes and 8th Annual Larval Fish
Conference, Can. Tech. Rep. Fish. Aquat. Sci. 1359.

Moser, H.G., P.E. Smith & L.E. Eber. 1987. Larval fish as-
semblages in the California Current region, 195460, a period of
dynamic environmental change. Calif. Coop. Oceanic Fish.
Invest. Rep. 28: 97-127.

Mullin, M.M., E.R. Brooks, F.M.H. Reid, J. Napp & E.F.
Stewart. 1985. Vertical structure of nearshore plankton off
southern California: a storm and a larval fish food web. U.S.
Fish. Bull. 83: 151-170.

Norris, K.S. 1963. The functions of temperature in the ecology of
the percoid fish Girella nigricans (Ayres). Ecol. Monogr. 33:
23-62.

Norton, J. 1987. Ocean climate influences on groundfish recruit-
ment in the California Current. pp. 73-99. In: Proceedings of
the International Rockfish Symposium, Anchorage, Alaska,
Univ. Alaska, Alaska Sea Grant Rep. 87-2, Anchorage.

Okiyama, M. 1965. A preliminary study of the fish eggs and larvae
occurring in the Sado Strait, Japan Sea, with some remarks on
the vertical distribution of some fishes. Bull. Jap. Sea. Reg.
Fish. Lab. 15: 13-37. (in Japanese).

Parrish, R.H., C.S. Nelson & A. Bakun. 1981. Transport mecha-
nisms and reproductive success of fishes in the California Cur-
rent. Biol. Oceanogr. 1: 175-203.

Penney, RW. & G.T. Evans. 1985. Growth histories of iarval
redfish (Sebastes spp.) on an offshore Atlantic fishing bank
determined by otolith increment analysis. Can. J. Fish. Aquat.
Sci. 42: 1452-1464.

Pommeranz, T. & H.G. Moser. 1987. Data report on the vertical
distribution of the eggs and larvae of northern anchovy, Engrau-
lis mordax, at two stations in the Southern California Bight,
March-April, 1980. U.S. Dep. Commer., NOAA Tech. Me-
mo., NMFS-SWFC-75. 140 pp.

Powell, D.E. & H.H. Hildebrand. 1950. Albacore tuna explora-
tion in Alaskan and adjacent waters, 1949. U.S. Fish Wildl. Ser.
Fish. Leafl. 376. 33 pp.

Reid, J.L., Jr. 1962. Measurements of the California counter-
current at a depth of 250 meters. J. Mar. Res. 20: 134-137.
Reid, J.L., G.1. Roden & J.G. Wyllie. 1958. Studies of the Cali-
fornia Current system. Calif. Coop. Oceanic Fish. Invest. Rep.

6: 27-57.

Richardson, S.L. & W.A. Laroche. 1979. Development and oc-
currence of larvae and juveniles of the rockfishes Sebastes cram-
eri, Sebastes pinniger, and Sebastes helvomaculatus (family Scor-
paenidae) off Oregon. U.S. Fish. Bull. 77: 1-46.

Richardson, S.L., J.L. Laroche & M.D. Richardson. 1980. Larval
fish assemblages and associations in the north-east Pacific
Ocean along the Oregon coast, winter-spring 1972-1975. Estua-
rine Coastal Mar. Sci. 11: 671-699.

Richardson, S.L. & W.G. Pearcy. 1977. Coastal and oceanic fish
larvae in an area of upwelling off Yaquina Bay, Oregon. U.S.
Fish. Bull. 75: 125-145.

Roesler, C. & D.B. Chelton. 1987. Zooplankton variability in the
California Current, 1951-1982. Calif. Coop. Oceanic Fish. In-
vest. Rep: 28: 59-96.




224

Sanchez, R.P. & E.M. Acha. 1988. Development and occurrence
of embryos, larvae and juveniles of Sebastes oculatus with refer-
ence to two Southwest Atlantic scorpaenids: Helicolenus dacty-
lopterus lahillei and Pontinus rathbuni. Meeresforsch. 32: 107-
133.

Senta, T. 1962. Studies on the occurrence of eggs and larvae of
fishes in adjacent waters to the Oki Islands. Jap. J. Ecol. 12:
152-166. (in Japanese).

Senta, T. & I. Kinoshita. 1985. Larval and juvenile fishes occurring
in surf zones of western Japan. Trans. Amer. Fish. Soc. 114:
608-618.

Shanks, A.L. 1983. Surface slicks associated with tidally forced
internal waves may transport pelagic larvae of benthic inver-
tebrates and fishes shoreward. Mar. Ecol. Prog. Ser. 13: 311-
315.

Shenker, J.M. 1988. Oceanographic associations of neustonic lar-
val and juvenile fishes and Dungeness crab megalopae off Ore-
gon. U.S. Fish. Bull. 86: 299-317.

Simpson, J.J. 1987. Transport processes affecting the survival of
pelagic fish stocks in the California Current. Amer. Fish. Soc.
Symp. 2: 39-60.

Siokawa, T. & H. Tsukahara. 1961. Studies on habits of coastal
fishes in the Amakusa Islands. Part I. Early life history of the
purple rockfish, Sebastes pachycephalus pachycephalus Tem-
minck et Schlegel. Rec. Oceanogr. Works Japan. Spec. 5: 123~
127.

Smith, P.E. & H.G. Moser. 1988. CalCOFT time series: an over-
view of fishes. Calif. Coop. Oceanic Fish. Invest. Rep. 29:
66-78.

Sorokin, V.P. 1961. The redfish; gametogenesis and migrations of
the Sebastes marinus (L.) and Sebastes mentella Travin. Rapp.
P.-V. Cons. Perm. Int. Explor. Mer. 150: 245-250.

Sumida, B.Y. & H.G. Moser. 1984. Food and feeding of bocaccio
(Sebastes paucispinis) and comparison with Pacific hake (Mer-

luccius productus) larvae in the California Current. Calif. Coop.
Oceanic Fish. Invest. Rep. 25: 112-118.

Sverdrup, H.U. & R.H. Fleming. 1941. The waters off the coast of
southern California, March to July, 1937. Bull. Scripps Inst.
Oceanogr. 4: 261-378. <

Téning, A.V. 1949. On the breeding places and abundance of the
redfish (Sebastes) in the North Atlantic. J. Cons. Int. Explor.
Mer. 16: 85-95.

Templeman, W. 1959. Redfish distribution in the North Atlantic.
Bull. Fish. Res. Board Can. 120. 173 pp.

Trexler, J.C. 1985. Variation in the degree of viviparity in the
sailfin molly, Poecilia latipinna. Copeia 1985: 999-1004.

Waldron, K.D. 1972. Fish larvae collected from the northeastern
Pacific Ocean and Puget Sound during April and May, 1967.
U.S. Dep. Commer., NOAA Tech. Rep., NMFS-SSRF-663. 16
Pp-

Waldron, K.D. 1981. Ichthyoplankton. pp. 471-493. In: D.W.
Hood & J.A. Calder (ed.) The Eastern Bering Sea Shelf:
Oceanography and Resources, U.S. Gov. Print. Off., Washing-
ton, D.C.

Walker, H.J., Jr., W. Watson & A.M. Bamett. 1987. Seasonal
occurrence of larval fishes in the nearshore Southern California
Bight off San Onofre, California. Estuarine Coastal Shelf Sci.
25: 91-109.

Wyllie, J.G. 1966. Geostrophic flow of the California Current at
the surface and at 200 meters. Calif. Coop. Oceanic Fish. In-
vest., Atlas 4. xii + 288 pp.

Wyllie Echeverria, T. 1987. Thirty-four species of California rock-
fishes: maturity and seasonality of reproduction. U.S. Fish.
Bull. 85: 229-250.

Yoklavich, M.M. & G.W. Boehlert. 1987. Daily growth incre-
ments in otoliths of juvenile black rockfish, Sebastes melanops:
an evaluation of autoradiography as a new method of vali-
dation. U.S. Fish. Bull. 85: 826-832.






